Abstract: PTSS are quite prevalent in transplant recipients, although full-scale PTSD may not be that common. Those symptoms have been linked to poor transplant outcomes, perhaps owing to non-adherence to medications and other recommendations, brought about by the avoidance dimension of the PTSD/PTSS construct (patients may avoid taking their medications because they serve as reminder of the emotionally traumatic event-the transplant). It is possible to treat PTSD via specific psychotherapeutic techniques, and the treatment has been shown to be safe and likely effective in other populations. Therefore, practitioners who treat transplant recipients should be familiar with the presentation and treatment of those symptoms. This manuscript provides a systematic literature review of the PTSD/PTSS presentation in the pediatric transplant setting, a synthesis of available research findings, and suggestions for current care and future research.
When faced with terrifying experiences, children and adults may develop symptoms consistent with PTSD. As defined by the DSM-5 (1), PTSD is precipitated by an emotionally traumatic event and is characterized by re-experiencing symptoms, avoidance of trauma-related stimuli, negative alterations in cognitions and mood, and alterations in arousal and reactivity. The experiences that accompany being diagnosed with serious medical illnesses, or with their treatment (such as surgical interventions, including transplantation), have been shown to be associated with the development of PTSD or subdiagnostic symptoms of PTSD (called PTSS) (2) (3) (4) .
It may be particularly important to recognize and address PTSD/PTSS in solid organ transplant recipients, for two unique reasons (5, 6) . First, PTSD/PTSS are thought to be associated with the development of non-adherence to medical treatments because of the avoidance dimension of PTSD (patients avoid reminders of the traumatic event, which may translate to avoidance of medications, see below). As graft survival is dependent on adequate immunosuppression, the consequences of not taking the medications (non-adherence) in transplant recipients can be particularly devastating. Second, a transplant operation is unique among other, more prevalent, potentially traumatic events (such as rape) in that in most cases, it can be anticipated; transplantation can be thought of as a "scheduled trauma." Therefore, the transplant setting provides a unique opportunity to engage in primary and secondary prevention of the development of PTSD/PTSS, in that steps could be taken to mitigate the traumatic nature of the transplant experience. The ability to study prevention of the development of PTSD makes the transplant setting particularly interesting, with potential to inform the broader field of emotional trauma research (3, 5) .
We first performed a systematic review to identify all manuscripts pertaining to post-traumatic stress in transplant recipients. However, the aim of this manuscript is to provide more than the results of the systematic review. As PTSD is a well-described and substantially researched construct, we believe that it is imperative to present the findings in transplant recipients in the broad context of insights from the emotional trauma field in general, and we strive to provide this context. This manuscript, therefore, aims to describe the results of the systematic review in a broader context. We attempt to provide information that would be useful to researchers who are interested in studying the impact of emotional trauma on solid organ transplant recipients as well as practitioners who wish to incorporate current knowledge into their clinical management in the transplant setting.
Methods
A systematic review of PTSD in transplant recipients was conducted as described below (Fig. 1) . Seminal manuscripts from the broader trauma research field are also cited to provide a context when indicated.
Eligibility criteria
Published, peer-reviewed articles in which the relationship between post-traumatic stress and transplant was examined were eligible for study inclusion. Studies unavailable in English and those involving animals were excluded.
Information sources
Databases used were MEDLINE, PsycINFO, and PILOTS. For articles inaccessible online, authors were contacted. References from included articles were searched for further, additional articles that were considered likely to meet the inclusion criteria.
Search
Electronic search strategy example: MEDLINE keywords and nested search items: "Posttraumatic stress OR PTSD OR PTSS" AND "transplant OR transplantation." Limits (language): English. Limits (species): Humans.
Records identified through database searching (n = 232)
Screening

Included
Eligibility
Identification
Additional records identified through other sources (n = 0)
Records after duplicates removed (n = 92)
Records screened (n = 92)
Records excluded (n = 3, abstracts)
Full-text articles assessed for eligibility (n = 89) Fig. 1 . Flow of information through the different phases of the systematic review.
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Study selection
Three online databases (MEDLINE, PsycINFO, and PILOTS) were searched systematically.
Data collection process
Data were collected and entered into Excel (Microsoft Office Excel, version 14.4.3, Microsoft corporation, Redmond, WA, USA).
Results
Following a systematic procedure (Fig. 1) , 41 manuscripts were identified. Thirteen were review articles, and the rest (28 manuscripts) are included in this review. Summaries of the original research manuscripts are included in supplemental online materials (Tables S1-S4 ).
Theoretical consideration identified in the review process
One basic and still unanswered question is whether PTSS, which are quite common in some settings (2) (3) (4) (5) , necessarily represent a clinically significant problem, or are simply a normal response to a stressful situation. Although the number of required symptoms for a diagnosis of PTSD is defined in DSM-5, it is unclear how many PTSD symptoms must be present to reach a clinically significant threshold within a medically ill population. It is also unclear whether any single symptom, or a set of symptoms, must be present for dysfunction to occur and how severe the symptoms must be before an intervention is needed. PTSD symptoms, in some cases, might not be dysfunctional. They may be associated with post-traumatic growth, an under-investigated construct that proposes that some traumatic exposure may lead to positive psychological change and resilience (7) (8) (9) . Specifically in children, theoretical questions are raised which offer a challenge and opportunity to examine basic concepts related to PTSD. Parents are technically "witnesses" to trauma when a child goes through a life-threatening illness. Parents' role with regard to their medically ill children is more complicated than witnesses, however, as they are decision-makers and participants in the treatment. For example, a parent might be the donor, and therefore perceived as the person who saved the child's life. On the other hand, under some circumstances, parents may physically hold the protesting child to restrain him or her while receiving a treatment or test, and therefore be perceived as facilitating the traumatic event. In PTSD that is related to the treatment of medical illness (i.e., a transplant), children may therefore consider the physicians or their parents to be the "perpetrators" of the trauma. In what ways do symptoms differ if one is a "witness," a "victim," a "caregiver," or a "perpetrator"? Which of these best describe the role a parent plays, as the decision-maker for painful medical procedures? Developmental considerations will also prove to be important to our understanding of the child's view of the parent's role, as cognitive capacity is known to affect one's understanding of, and response to, traumatic events (10) .
Studies of PTSD in pediatric transplant recipients
Rates of approximately 30% of pediatric solid organ transplant recipients endorsing above threshold rates of PTSS have been reported (20, 23) . These studies used self-report measures and not a full psychiatric interview tool. For example, 99 recipients of heart, liver, or kidney transplants (23), 12-20 yr old at the time of interview (M = 15.7), were assessed for symptoms of PTSD. Of the entire group, 31.3% (31/99) reported diagnostic level of PTSD symptoms, occurring at least twice a month, with 13.3% reporting a diagnostic PTSD symptoms occurring at least twice a week. The type of transplant did not influence the rate of PTSD. Another study (N = 104) with the same age range reported a lower rate of 16% (12) . In this study, no demographic predictors of PTSD could be identified.
While PTSD symptoms are well documented as a result of serious medical illnesses, a few cautionary remarks are due:
Methods of assessing PTSD Studies vary widely in the methods used to detect PTSD and, with a few exceptions, most do not use a clinical interview but rather a self-report questionnaire that may not accurately reflect a clinical diagnosis. Additionally, there is a great deal of variation in the self-report measures chosen. The use of different tools and different cutoff points make it hard to compare data between studies. Indeed, a small study which compared two self-report measures and structured interviews found substantial discrepancies between methods (39) . Table 1 provides a summary of methods that are commonly used to assess for PTSD symptoms or diagnostic status, in decreasing order of common use, in the general traumatic stress research field as compared with the solid organ transplant literature. Of note, in children in general, and in pediatric transplant recipients in particular, the most widely used instrument is the UCLA post-traumatic Stress Reaction Index. A notable difference between research related to post-traumatic stress in transplantation as compared with the general PTSD literature is that researchers in the transplant field have been much less likely to use diagnostic tools-research in the transplant setting has concentrated primarily on post-traumatic symptoms rather than the full disorder, whereas PTSD researchers in other fields are more likely to look at the diagnostic threshold. We could find only one small study in pediatric transplant recipients (13) that tried to investigate the differential value of symptom level ("PTSS") vs. diagnostic threshold ("PTSD") in predicting physical outcomes (medication level variability). That study found that the diagnostic construct is preferred to a simple summation of symptom rates. Those results should be viewed as tentative, given the small sample size and limited analyses used, but the difference in assessment strategies between transplant settings and the general literature is not trivial. It is, on one hand, possible that the transplant setting is special and merits a different conceptualization of post-traumatic symptoms. But on the other hand, PTSD researchers in other settings have serious reasons for preferring to look at the diagnostic construct rather than at the symptoms level. For example, the biological underpinnings of PTSD seem to align with the diagnostic schema (40) , and most of the intervention research in PTSD is predicated on the existence of a PTSD diagnosis (not symptom level) as an indication that treatment is needed.
Developmental considerations
Developmental differences alter the type of response to trauma at different ages (41) . Symptoms depend on the child's understanding of the trauma, and his/her degree of independence. Some medical illness-related PTSD symptoms appear only around young adulthood (42) . Hence, "lumping together" children from different stages of maturity and ages, which is what most studies do, may lead to inability to detect some attributes of traumatization as experienced at different stages. On the other hand, stratifying by age would result in a loss of statistical power and hence require much larger samples which are difficult to achieve in single center studies. In German, IES-R (Bunzel et al., [16] [17] [18] Some of the information in this table is based on recent reviews (57) (58) (59) . Scales are related to DSM-III and DSM-IV criteria, not to recent DSM-5 criteria (updated in 2014).
Parents of pediatric transplant recipients
In a study of parents of children who had undergone kidney, heart, or liver transplantation (35), about 27% of parents met full diagnostic criteria for PTSD, and elevated PTSS rates were detected among 40% of a sample of parents of children who had a heart transplant (25). Results from another study surveying mothers and fathers found higher rates of PTSD in mothers (52%) and fathers (40%) (24). However, these rates may be spuriously high as a screening tool (the IES-R) was used to identify PTSD rather than a diagnostic measure. Of note, PTSD was significantly associated with trait anxiety, suggesting that anxious parents are more susceptible to developing clinically significant distress in the wake of their child's transplant.
Nature of the stressor
Many stressful events happen in the course of a chronic illness, and many of these may be traumatic. Which of these are more likely to be the cause of PTSD has been the focus of recent research. It seems that medical procedures and treatments, such as transplantation and chemotherapy, are more often cited as traumatic events by children who report PTSD symptoms than are any other disease-related traumatic events (5) . Hence, the trauma, more often than not, is "inflicted" by caregivers or medical professionals. This view of trauma is consistent with other reports that show that traumatic stress symptoms are more likely to be reported in relation to events that are related to the deeds of other humans (e.g., combat experience, rape) rather than other types of traumatization (43) .
Predictors and risk factors for the development of PTSD in medically ill patients
The study of predictors and risk factors for the development of PTSD is rapidly advancing (44) , partly because it is widely recognized as an important step on the way to develop effective treatment strategies. Trauma that is associated with the treatment of medical illness (such as transplantation) provides a unique opportunity to study risk factors for PTSD prior to traumatization; indeed, medical illness-related procedures often belong to a rare group of "scheduled" traumas. Such prospective studies may allow a better understanding of traumatization in general, not only medical illness-related PTSD. At the time of submission of this review, however, most studies looking at predictors for PTSD that is related to transplantation were either cross-sectional or conducted after the trauma has occurred. We have found no robust proof of any specific risk factor for the development of PTSD in pediatric solid organ transplant recipients and found a few potential risks that appeared to be disproven. Table 2 lists risk factors categorized by the setting in which they were examined (general PTSD literature/transplant literature/recipient vs. caregiver). Of note, it is very likely that many of the risks that were reported in the general literature do apply in pediatric transplant settings even if they were not specifically proven in that setting.
Consequences of PTSD
Investigation of sequelae of PTSD in transplant recipients is difficult because of the need to control for intervening variables that are related to the illness itself. Examples of problems in the investigation of such long-term sequelae include uncertainty about the nature of the stressor, and the distinction between whether symptoms are related to the primary illness or to PTSD. It is often unclear and difficult to tease out whether symptoms stem from PTSD or the underlying illness. A specific symptom, such as inability to concentrate, may be attributed to the medical illness or to a psychiatric disorder. For example, a study of adult transplant recipients found a relationship between PTSD symptoms and cognitive performance (15) . But among pediatric patients, we do not yet know whether poor school grades are related to PTSD symptoms or, for example, to cognitive deterioration due to the underlying disease process (45) .
Despite these difficulties, several studies shed light on the potential importance of this disorder. In a longitudinal, prospective study of 101 adult survivors of heart transplantation, PTSD was the strongest predictor of cardiac morbidity (31). One potential mediator of these poor outcomes is non-adherence to medical recommendations (19) . In a study of 19 children and adolescent survivors of liver transplantation, followed for at least a year post-transplant, non-adherence to medications was significantly more common in children who displayed above-threshold PTSS (13) . Non-adherence to medications may be related to the avoidance dimension of PTSD (patients avoid taking the medication because it is a traumatic reminder of the illness), and indeed, the avoidance dimension of PTSD accounted for much of the association with non-adherence in the pediatric transplant study (13) . In adults, a correlation between non-adherence and PTSD is considered to be an established finding (46) (47) (48) . To identify risk factors in the general PTSD literature, three relatively recent meta-analyses were used, with only pre-and peritrauma variables considered (60) (61) (62) . To determine risk factors in the transplant literature, variables that are static or unrelated to PTSD effects (i.e., age, ethnicity, time since transplant, organ type) or are pre-operative were used.
In the aggregate, these studies suggest that PTSD is associated with serious psychiatric and medical morbidity. It is also plausible that PTSD or PTSS serves as a clear-cut, modifiable predictor of non-adherence to medical recommendations.
Prevention and treatment
As post-traumatic stress responses may lead to medical as well as psychological morbidity, appropriate interventions for the prevention and treatment of traumatic stress responses to medical life-threat must be developed and tested. The tremendous opportunity for productive intervention is supported by a small case series reporting significant improvement in the medical adherence of pediatric transplant patients who were treated for PTSD using prolonged imaginal exposure, a CBT approach (13) .
Many events in the course of transplantation can be anticipated. This offers the opportunity to develop and test preventative strategies. Unfortunately, prevention of PTSD remains an elusive target. Preventative strategies have not been tested rigorously in transplant recipients or in any medically ill individuals. In the broader PTSD research community, prevention has become an important topic. Strategies include prescribing medications before symptoms are present (e.g., corticosteroids, to favorably affect the hypothalamus-pituitary-adrenal axis; opioids to reduce discomfort; or beta-blockers to reduce arousal) as well as providing other non-biological interventions (49, 50) . In addition, medical life-threat often occurs in a supportive family setting and appears to lead to significant traumatic responses in the family. It would, therefore, seem to suggest that family interventions might be helpful, but there has been very limited study of family interventions in medically ill populations for the purpose of alleviating PTSS, and one randomized controlled study found that a family intervention did not improve the primary outcome (51) .
Both paroxetine and sertraline are approved for the treatment of PTSD in adults (52), but no medication has been approved for this indication in children.
With regard to psychotherapy, to date there are only three published prospective, controlled studies of psychotherapeutic treatments for PTSD in medically ill adults, and none in children. Of these, only two used random allocation of the treatment. In one controlled (but not randomized) study of cardiac patients, investigators noted an improvement in medical outcomes and adherence to treatment in a small group of patients who received CBT, as compared with both a treatment-as-usual control and an enhanced education control (53) . DuHamel et al. (54) provided a 10-session, telephone-based, CBT intervention for survivors of HCST. There was a decrease in PTSS across all follow-up assessments (6, 9, and 12 months after baseline), but medical outcomes were not examined. The intervention included relaxation training, guided exposure to cues associated with PTSD symptoms, monitoring and alteration of maladaptive beliefs, communication skills training (for enhancement of social support), and psychoeducation around illness-related PTSD symptoms. Further analysis of the treatment effects demonstrated that the treatment was effective for avoidance and intrusive thoughts but not for hyperarousal and numbing. Another randomized controlled prospective study used an exposure-based paradigm in adults with cardiovascular illness (55) . That study established the safety and preliminary efficacy of this cognitivebehavioral psychotherapeutic approach. There are no similar studies in medically ill children. However, research with PTSD due to other causes has shown that it is often a highly treatable condition in children using an imaginal exposure paradigm (56).
Methodological issues with research targeting PTSD in transplant recipients
1 Selection bias: Perhaps the most significant drawback that we have identified in reviewing research efforts to date is that many of the studies that we reviewed were probably unable to enroll a representative sample of patients. Convenience sampling was generally used, and most studies do not cite specific information about the degree of potential bias. Avoidance is an important component of PTSD, and it is therefore likely that patients with the highest levels of avoidance will avoid enrolling in studies. Thus, convenience sampling will fail to enroll patients who suffer from the most severe form of the disorder. 2 Post hoc analyses: Another important drawback is the apparent failure to prespecify endpoints in many of the studies that we examined. In addition, under the current system it is not mandatory to register studies that do not involve an intervention, and so when authors contend that they did have a directional hypothesis that was prespecified before the study commenced, in the absence of registration, it is impossible to verify whether authors' claims are in fact warranted. Post hoc analyses of studies with small sample sizes are very likely to result in spurious results.
3 Confusion between association and cause-andeffect relationships: As PTSD symptoms are more likely to emerge when the trauma itself is more severe, the finding that PTSD is associated with poor outcomes cannot be taken to mean that PTSD symptoms in fact cause those poor outcomes. Mechanistic and treatment studies are essential to determine whether in fact treatment of PTSD improves medical outcomes. 4 Failure to account for mental health comorbidity, especially depression: As PTSD is highly comorbid with depression (47), any association between PTSD and poor outcomes could be due to depression or other factors. Few studies tried to disentangle the effects of depression and PTSD on outcomes, and those that did found mixed results. The potential relationship between PTSD symptoms, depression, and poor outcomes may be complex or linear. One intriguing schema (47) posits that the experience of the trauma (the transplant) can lead to PTSD symptoms that lead, through non-adherence, to poor outcomes and then to depression (because of the poor outcomes). If this is the case, although both depression and PTSD would be associated with poor outcomes, treatment of PTSD but not depression would be expected to improve those outcomes. It is not clear whether this association pattern is in fact correct.
Clinical approaches to the assessment, prevention, and treatment children with PTSS in medical settings
In the absence of rigorous evidence, the following suggestions are offered to help clinicians develop a sensible approach to intervention in pediatric transplant recipients.
1 As the perception of life threat is critically important in the development of PTSD, it appears prudent to recommend that clinicians try to provide clarity about the transplant procedure, as well as strive to evaluate the child's (and parent's) understanding of this information, and interact to modify this understanding, if needed. This approach may be more effective if delivered in an interactive and patient-centered format. 2 Enhancing physical comfort during and after the operation might mitigate the traumatic impact of the transplant. Aggressive use of opioids seems to have some promise in alleviating PTSS in burn victims (15) , but it is not clear to what extent this information applies in the transplant setting.
3 Negative premorbid life events have been associated with PTSD symptoms. Therefore, helping the caregiver obtain referrals and resources, so as to enable her or him to address pre-existing vulnerabilities, may be helpful. 4 Not all transplant recipients develop PTSD.
Our reading of the evidence suggests that those symptoms are not "normal," and their presence may well be associated with poor outcomes. Pending more conclusive evidence, we believe that the presence of those symptoms in the transplant setting should not be ignored, especially as effective interventions for PTSD do exist. If substantial PTSD symptoms are noted in a transplant setting, we believe that prompt referral to a mental health professional who is familiar with the treatment of PTSD is indicated. 5 Caretakers may be more at risk for PTSS than patients (17, 18) . Caretakers' symptoms and well-being should not be ignored, and interventions should probably include caretakers or even target them.
Summary and recommendations for future research
PTSS have been reported in response to a variety of life-threatening medical illnesses in adults and children, including organ transplant recipients. Data suggest that children often experience lifesaving medical procedures as traumatic. Trauma symptoms are also reported as quite common and severe in the caregivers. Developmental considerations, the nature and severity of the event itself, social support, and premorbid exposure to negative life events are important issues to consider in developing appropriate interventions. It is important to continue to study which assessment methods may be used for screening as well as for the diagnosis of PTSS and PTSD. Are self-reports sufficient as a first tier screening? Can one use self-report "symptom scores" for diagnostic purposes? Can interview tools be used by providers who are not mental health professionals? All of these questions have important implications for resource allocation decisions in the transplant setting. It is also important to consider sample size and recruitment strategies in future studies so as to ensure that samples are representative and results can provide generalizable information. Hypotheses should be prespecified and not post hoc. Registration of studies (even if they do not include an intervention) is one method that can be used by authors to prove that a study did indeed include a prespecified primary hypothesis.
The transplant setting is uniquely suited for the study of PTSD, its consequences, its prevention, and its treatment. This is because outcome measures for transplant recipients are relatively well defined and some are even reported nationally (thus, it is relatively easy to follow outcome data in this population), the trauma usually can be anticipated (and therefore potentially prevented), and the consequences may be dire (thus creating an imperative to provide treatment). Over the past decade or so, the transplant field has recognized the importance of those symptoms in recipients. However, interventions have not yet been developed or studied. It is time to move forward toward a better definition of the target of the intervention (what is the trauma), the group of patients who are likely to benefit most, and the type of outcomes that are most likely to be improved (e.g., adherence). Once those are known, intervention research can proceed. In our opinion, as there is a plausible mechanistic explanation linking PTSD, medication non-adherence, and poor outcomes (through the avoidance dimension of PTSD), intervention strategies that address avoidance may be promising. A caveat is that it may be hard to engage avoidant patients in treatment. A remotely delivered psychotherapeutic approach, which does not require that a patient be actually present in the clinic and yet does include interaction with a skilled therapist, would allow real engagement in treatment and might be helpful. As patients who suffer from PTSD are already at risk for not taking their medications, it would appear that psychopharmacologic interventions should not constitute the first line of treatment.
We hope that ultimately, PTSD interventions will have a positive impact on transplant outcomes and the quality of life of recipients. They might also shed light on efforts to prevent the emotional consequences of traumatization in the overall traumatic stress field. 
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